This paper present a hybrid method of Newton method, Differential Evolution Algorithm (DE) and Cooperative Coevolution Algorithm (CCA). The proposed method is used to solve the optimisation problem in optimise the production of biochemical systems. The problems are maximising the biochemical systems production and simultaneously minimising the total amount of chemical reaction concentration involves. Besides that, the size of biochemical systems also contributed to the problem in optimising the biochemical systems production. In the proposed method, the Newton method is used in dealing biochemical system, DE for optimisation process while CCA is used to increase the performance of DE. In order to evaluate the performance of the proposed method, the proposed method is tested on two benchmark biochemical systems. Then, the result that obtained by the proposed method is compare with other works and the finding shows that the proposed method performs well compare to the other works.
Introduction
Biomass is a good alternative to produce the biofuel. This is because the biomass is a plant-based resource that can be used to replace the limited biofuel. Nowadays, the demand of biomass is increase where it leads to competition of land and plant [1, 2, 3] . Recently, many researchers have focus on manipulating the microorganism activity in order to produce the biomass rather than really on increasing the land and plant. This is because manipulating the microorganism is far cheaper and reduce time rather than increase the land or plant. But, the biomass that extracted from manipulating the microorganism activity has a limitation where the production is low [4, 5] . Due to that, many researcher have focus on optimisation the production of biomass. One way to improve the biomass production is the optimisation of biochemical systems production by fine-tuning the reactions value in biochemical systems.
The optimisation of the production in biochemical systems can be performed because the biochemical system can be represented by a nonlinear equations system. In the nonlinear equations system, each variable is used to represent each reactions of biochemical systems. The process of fine-tuning the reactions value can be performed by change the variables value. Finetuning process of the variables in nonlinear equations system becomes a hard task if involves a large biochemical systems. This is because a large biochemical systems contains with many reactions and involves many interaction between reaction. In order to overcome this situation, this paper ISSN: 2502-4752 present an automated method to fine-tuning the variables in nonlinear equations system. The proposed method hybrid the Newton method, Differential Evolution Algorithm (DE) and Cooperative Coevolution Algorithm (CCA).
In optimisation of biochemical systems production, the biochemical systems can be modelled by mathematical model, which is generalised mass action (GMA) model. During the optimisation, there are several constraints involve which are steady state condition and reaction concentration constraint. The steady state condition make all the equations in GMA model equal to 0 where it make the optimisation process become the process of solving a nonlinear equations system. There are various methods that can be used in solving a nonlinear equations system such as Newton method, Secant method and Bisection method. In this study, Newton method is used because Newton method is fast in solving the system [6] , simple to used [7, 8] and very widely used in solving nonlinear equations system [9, 10, 11] .
For fine-tuning the reactions value in biochemical systems, an optimisation method is needed. The reason of fine-tuning is to discover the suitable value that produce the high production of biochemical systems. The fine-tuning process become complicated when involves a complex biochemical system where contains with many reactions and involves many interaction between them. Because of that, an optimisation method is need. There are various method can be applied such as genetic algorithm (GA), DE, and Particle Swarm Optimisation (PSO) algorithm. This study used DE because DE offer several advantages such as DE involves few parameters [12, 13] and DE is more robust on several problems when compare to other [14] .
In the optimisation of biochemical systems production, two factors that need to be considered which are the production and the total of chemical reaction concentrations involves. In addition, a large of biochemical systems that content with many reactions and interaction between them also contribute to the difficulty in optimisation process. Because of these factors, this make the representation of the solution become complex. This make the optimisation proses become hard and complicated. In order to overcome these issues, this study use CCA in order to simplify the representation of the solution by dividing the complete into multiple sub-solutions.
In this paper, the hybrid of Newton method, GA and CCA is proposed and discuss in detail. The aim of the proposed method is to solve the problems in optimisation of biochemical systems production which are to improve the biochemical systems production and at the same time reduce the total of chemical reaction concentrations involves. In the proposed method, the function of Newton method is to solve the nonlinear equations system, DE is used in optimisation process where DE is used to fine-tuning process while CCA is utilised to improve the performance of DE. In the following section, the explanation of the proposed method is discussed in detail. Then, the model and experimental data is describe in detail where two benchmark biochemical systems are used namely the Saccharomyces cerevisiae (S.cerevisiae) pathway and the Escherichia Coli (E.coli) pathway. After that, the experimental result and discussion is presented before this paper was conclude in conclusion.
A Hybrid Method of Newton Method, Differential Evolution Algorithm and Cooperative Coevolution Algorithm
This section is about the discussion of the proposed method. The proposed method hybrid Newton method, DE and CCA. In the proposed method, Newton method is utilised to deal with nonlinear equations system, DE is used in optimisation process and CCA is embodied into DE in order to improve the performance of DE by simplifies the chromosome representation. Figure 1 shows the proposed method in flowchart form. The detail steps in the proposed method are as follows:
Step 1: Generate the initial solution. In the first step, the first generation of m solution is generated separately in n sub-population (the number of sub-population is equal to the number of variables that need to be tuned). The variable (in nonlinear equations system) is represented by sub-chromosome. The sub-chromosome is in binary format. The sub-chromosome is generated randomly and in a specific format (depends on the value of chemical reaction concentration).
Step 2: Form the complete chromosome. The complete solution is form in this step by combine all sub-chromosomes from all sub-populations. The sub-chromosome is selected based on their fitness value where the sub-chromosome that has lowest fitness value is selected and then combine with other sub-chromosome from each sub-population. This is because the selection process is intended to minimise the total amount of chemical reaction concentration involves. Figure 2 depicted the generation of sub-chromosome until the formation of complete chromosome.
Step 3: Evaluate the complete chromosome. In this step, the complete chromosome is decoded into variables form. At this stage, the Newton method is used in solving the nonlinear equations system. Besides that, two termination conditions are applied which are; the maximum number of generation is reach and all the chemical reaction concentration value is in their range. The process move forward to Step 6 if these conditions are meet, otherwise the process enter the next step.
Step 4: Decompose the complete chromosome. In this step, the complete chromosome is decomposed into multiple sub-chromosomes. After that, all sub-chromosomes went back into their own sub-population for reproduction process.
Step 5: Produce new generation. This step is intended to improve the solution by producing the next generation of the solution. This step happens in all sub-population. The mutation and crossover process are applied on all sub-chromosome.
Step 6: Return the best solution. This is the final step. In this step, the best solution is given.
Model and Experimental Data
In order to test the performance of the proposed method, two benchmark biochemical systems are used which are the optimisation of the ethanol production in S. cerevisiae pathway and the optimization of the trp biosynthesis in E. Coli. A Java program based on JAMA version 1.0.3 and jMetal [15] 
Optimisation of the ethanol production in Saccharomyces cerevisiae pathway
The proposed method is used to optimise the ethanol production in S.cerevisiae pathway. The detail description of this pathway can be found in [16] . In this pathway, the nonlinear equations system can be represented as follows:
where at steady state conditions, these chemical reaction concentrations (denoted by V ) have the following value: In this biochemical system, the ethanol production is given by V P K and it became the fitness function of complete chromosome. This lead to the improving the production as follows:
For the total of chemical reaction concentrations involves, it can be formulated as follow:
where the range of X is set between 0.2 to 1.2 and Y in the range of 0 to 50 [17, 18] .
Optimisation of the tryptophan biosynthesis in Escherichia Coli pathway
In this pathway, the proposed method is used to optimise the trp production. Xiu et al. has explained in detail of this pathway [19] . For this pathway, the nonlinear equations system can be formulated as follows:
All reaction concentration (denoted by V ) has the following values at steady state condition: 
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The trp production is given by reaction V 34 thus it become the fitness function of the complete chromosome. This lead to the improving the production as follows:
where the range of X 1 to X 3 is between 0.8 to 1.2, X 4 between 0 to 0.00624, X 5 between 4 to 10, X 6 between 500 to 5000 and between X 8 0 to 1000 [17, 18] .
Experimental results and discussions
In producing the best result, several experiments are performed. Table 1 list the DE parameters setting used. For CCA, the number of sub-populations depend on the variables in nonlinear equations system the need to be tuned. For the S.cerevisiae pathway, the number of subpopulations is 11 while for E.coli pathway, the number of sub-populations is 7. For the Newton ISSN: 2502-4752 method, fixed parameter used for both pathway; the number of iteration is 100 and the tolerance value is 10 −6 . In S.cerevisiae pathway, the best result obtained by the proposed method is 52.7269 in maximising the ethanol production while 295.2405 in minimising the total of chemical concentration involves. The detail result, average result and comparison with other methods are listed in Table 2 . From Table 2 , it can be observed that the performance of the proposed method is outperform the result from other works in maximising the ethanol production and at the same time minimising the total amount of chemical reaction concentration involves. Meanwhile, the best result produce by the proposed method in E.coli pathway is 3.9988 in maximising the trp production and 6015.5871 in minimising the total of chemical concentration involves. The detail result, average result and comparison with other methods are listed in Table  3 . Same observation with S.cerevisiae pathway, the performance of the proposed method also perform better when it compare to other works. Besides that, the comparison between multi sub-population that used in this study with single population (dont use CCA). The purpose of CCA is to enhance the performance of DE in minimising the total amount of chemical reaction concentration involves. Several experiments are IJEECS ISSN: 2502-4752 33 conducted using parameters setting in Table 1 . Figure 3 and Figure 4 depicted the bar graph of the comparison between multi sub-population with single population in S.cerevisiae pathway and E.coli pathway. From that figures, it can be seen clearly that all the results of multi sub-population are lower compare to the results obtained by single population. It can be concluded that, the CCA able to improve the performance of DE in minimising the total amount of chemical reaction concentration involves. In order to show the consistency in apply CCA, the proposed method is compared with the method that not use CCA (only use Newton method and DE). About 100 independent experiments are performed. Figure 5 and Figure 6 show the comparison in box plot form. Figure 5 show the ethanol production in S.cerevisiae pathway while Figure 6 show the trp production in E.coli pathway. From the figures, the result produce by the proposed method are not too wide compare to the result that not use CCA. From this observation, it can be explained that the propose method able to produce a consistent result if the experiment run several times. 
Conclusion
This paper has proposed a hybrid method of Newton method, DE and CCA. The proposed method is proposed to overcome the problems in optimisation of biochemical systems where the problems are to maximise the biochemical systems production and simultaneously minimise the total amount of chemical reaction concentration involves. The proposed method works by view the biochemical systems as nonlinear equation system. Firstly, the Newton method is used to solve the nonlinear equations system. Then, DE is used in optimisation process. The performance of DE is drop when applied on alrge and complex biochemical systems and CCA is utilised to improve the performance of DE. The proposed method is applied on benchmark biochemical systems and the experimental result show that the performance is outperform the other works.
